At shallow depth beneath Earth's surface, magma propagates through strongly 
Introduction
Eruption precursory activity associated to volcanic unrest is currently recorded at many 15 volcanological observatories around the world and mainly consists of seismicity and ground 16 deformation monitoring. During magma propagation to the near-surface, the vicinity of 17 the associated dike or sill is subjected to a large stress field perturbation [Rubin and 18 Gillard , 1998 ], that will concentrate most of the induced seismicity (seismic swarms).
19
Monitoring these seismic swarms is thus a potentially powerful technique to track magma 20 movements but is not used to its full potential for several reasons. During seismic swarms, . However, precise analysis of seismicity (localization, 28 magnitude) requires post-processing and is therefore difficult to perform in real time.
29
Here, we propose a simple but robust method to track magma movements using the 30 ratio at different seismic stations of the seismic intensities radiated by the surroundings of 31 the dike's tip. We apply this method to the January 2010 eruption of Piton de la Fournaise 32 volcano (La Réunion island). As a result, we observe a complex dike propagation dynamic 
Method
Traditionally, seismic events are located using P or S wave travel time delays measured at different receivers. This approach finds its limits when it becomes difficult to measure accurate arrival times such as for example, during seismic swarms or in cases of low signal to noise ratio micro-seismicity. Here, we propose a method to automatically estimate the position at depth of a seismic source by using the differences in seismic amplitudes recorded at difference sensors. This approach relies on the attenuation of seismic waves along the source-receiver travel path. In order to avoid the detection of single P or S wave arrivals, we use an estimate of the average recorded seismic intensity over a time window much longer than the seismic wave travel time delays at different sensors (see section 3 for details). Following Battaglia and Aki [2003], we use a simple attenuation law that takes into account geometrical and intrensic but not scattering attenuation (equation 1).
with,
where I i is the seismic intensity recorded at receiver i, r i is the distance from the source,
37
I o is the source radiated seismic intensity, f is frequency, β is shear wave velocity and Q is 38 the quality factor for attenuation. The index n = 1 for body waves and n = 0.5 for surface don't know which type of wave (body or surface) dominates the intensity estimates, we 41 make no approximation about the value of n. In the next section we will investigate the 42 effect of n and Q.
43
To avoid the estimate of the seismic intensity at the source (I o ), we choose to analyse the ratios of seismic intensities between all sensors (equation 3) rather than the true seismic intensities at different sensors.
Assuming a migration such that r 
by first order linearisation we obtain :
Equation 5 shows that only the migration of seismicity will affect the intensity ratio and project, in addition to the existing seismic array. We analyse data from the 2010 January 55 euruption. The selected eruption presents a seismic swarm that can be divided into two 56 phases ( figure 2 a and b) . During the first phase, which lasted for about an hour, a high 57 level of seismicity was recorded followed by a relatively quiet phase that directly precede 58 the onset of the eruption (seismic tremor).
59
As a first stage of data processing we correct the signal from the sensor and acquisition 
63
Seismicity induced by magma migration presents a relatively high frequency content 64 compared to the permanent back-ground noise. For this study we will only consider a 65 frequency range between 5Hz and 15Hz.
66
We calculate the envelope of the signal, E, using the norm between the filtered data, 67
x, and their Hilbert transform, H: To eliminate spikes or glitches we decimate the data by keeping the median of 1000 con-69 secutive points, corresponding to 10 seconds. This leads to the seismic intensity estimate,
70
I, that we will use from now.
71
The last step of the analysis is a median filter applied on I using a sliding window of 72 given duration ∆t.
73
The nomenclature used is :
with Sta corresponding to the name of the station. 
74
of this data processing for ∆t = 5min.
75
To highlight relative changes of intensity between different stations we plot the ratio
(one example is shown figure 2 e). 
81
We also compare observations of intensity ratios to synthetic itensity ratios at station curve that presents an apparent acceleration since the migration is set to be at constant 
96
Simple modelling does not explain the temporal change of the intensity ratio and shows 97 that simple migration is not likely to occur in natural systems. Nevertheless, the intensity 98 ratio during the tremor can be explained using n = 1 and Q ∼ 200, which does not seem 99 a reasonable value for the quality factor, or using n = 0.5 and Q ∼ 50, which implies 
102
Regarding the ratio presented figure 3 a, the change at 10:09 AM could be due to 
Inverse problem
In order to image magma propagation at depth, we seek the best position within a grid and Q = 50.
114
The 3-dimensional misfit used is the following :
The results are shown figure 4. During the period of high seismic activity, locations 
Discussions and Conclusions
The proposed analysis will find a limitation when the source of the seismicity is far 120 from all the stations. In that case, the relative difference in the source-receiver paths are 121 negligible and all the possible intensity ratios will be close to one. This also implies, for 
